Abstract: High esthetic demand and expectation challenges the rehabilitation of the esthetic zone with dental implants. Most implant system manufacturers offer customized and prefabricated ceramic, specifically zirconia or alumina abutments, as an alternative to titanium or gold alloy abutments, with the aid of computer-aided designing/computer aided manufacturing (CAD/CAM) technology. A 45-year-old male patient was referred to the prosthodontics clinic for the restoration of maxillary central incisors with all ceramic dental implants. After healing, both implants were restored with all-ceramic crowns but different customized abutment materials for the purpose of comparison. The all-ceramic crown was cemented on a customized zirconia abutment at the implant site # 11 and on a customized gold alloy abutment at implant site # 21. The treating dentist as well as two prosthodontists performed a meticulous clinical examination to compare the ceramic crowns side by side and agreed that the outcome was esthetically satisfactory. The patient was satisfied with the esthetics and functional outcome of the final restorations, as was the prosthodontist.
Introduction
Implant supported restorations in partially edentulous patients have become a wellestablished treatment modality. Recently, single tooth therapy in the esthetic zone is a frequent indication for implant therapy. Numerous studies have reported similar implant survival and success rates for implants inserted in the esthetic zone as compared to those placed in other segments of the jaws. [1] [2] [3] [4] [5] However, studies related to the objective and subjective outcome evaluation from an esthetic point of view are scarce. [6] [7] [8] [9] [10] [11] [12] High esthetic expectations challenge the rehabilitation of maxillary anterior teeth with implants as a result of the minimal thickness of the anterior maxillary alveolar ridge that requires hard and soft tissue grafting. 13 The challenges are further amplified among patients with thin gingival biotype, high smile line, and limited mesiodistal space. Extraction and grafting of a non-restorable tooth performed as traditional anterior implant placement protocol requires a healing period of around 3-4 months. 14, 15 Prosthetic implant restoration must be carried out after a period of time that is essential for osseointegration. However, the immediate implant placement protocol, with or without simultaneous bone grafting, reduces total rounds of surgical procedures, increases patient compliance, and shortens the time of treatment. 16 Removable, fixed tooth supported and implant-supported prostheses are likely to be used for obtaining provisionalized anterior implant site. 17, 18 However, removable and teeth supported fixed provisional restorations do not facilitate soft tissue maturation. 15 Highly predictable esthetic outcomes are revealed from the establishment of therapeutic modalities and related materials while rehabilitating the esthetic zone of teeth. The esthetic outcomes have been improved with the development of ceramic oxide abutments, such as aluminum oxide and zirconium oxide, that possess higher strength than gold or titanium abutments. 19 However, comparisons of zirconia, gold alloy, and titanium, and biological esthetic, patient, and mechanical subjective treatment of implant-related restorations are rare. The present case study reports the clinical steps for restoration of a dental implant with immediate provisional restoration, followed by implant-supported all-ceramic crowns with zirconia and gold abutments after completing osseointegration for objective and subjective esthetic outcome comparison.
Case report
A 45-year-old male patient was referred to the prosthodontics clinic to complete the restoration of a dental implant (3.7 mm×11 mm, Zimmer implant, Standard Plus, regular neck, Zimmer Dental, Carlsbad, CA, USA), at the site of tooth #21. The dentist had placed an implant 3 months previously and then started the construction process of a cement-retained crown for restoring implant #21 and fabricated a gold customized implant abutment. Before completion of the implant restoration, the patient was referred to our clinic to continue the treatment.
During the first visit, patient medical and dental history was reviewed. According to the American Society of Anesthesiologists (ASA) physical status classification system, the patient is ASA1. The patient's chief complaint was to continue the treatment of his anterior teeth. Upon smiling, the patient has a low to average smile line. The apparent teeth have a homogenous shade that the patient was satisfied with. Intraoral examination revealed adequate periodontal health, tooth #11 had a provisional crown, and tooth #21 is an implant with a healing abutment. The patient has thin gingival biotype. Radiographic examination displayed the current process of external root resorption for tooth #11. The patient was provided with complete information regarding treatment options to make a decision for tooth extraction and implant placement of #11 ( Figure 1 ). The patient signed an informed consent to proceed with the treatment plan.
Preparation
The cone-beam computed tomography (CBCT) image for the patient displayed sufficient sound buccal, lingual, and apical alveolar bone around tooth #11. A surgical guide was developed as a duplicate for the prior master cast for the prosthodontist with self-cure acrylic resin. The surgeon was guided through predetermined mesiodistal and buccolingual center channel for tooth extraction #11 in the patient's mouth. The implant mount attachment was facilitated with the help of an acrylic transfer jig to assure the cast fabrication for quick succession to fabricate the fixed dental prosthesis after placing an implant. In addition, the vacuum-formed template for provisional restoration fabrication was used for fabricating a 1.5 mm thermoplastic material.
Immediate implant placement
The surgical process was performed by the periodontist by giving local anesthesia to the patient. Tooth #11 was removed by performing flapless and atraumatic extraction, followed by normal socket saline rinsing, debridement, and curettage. In addition, during implant drilling, the mouth of the patient was secured through the teeth-supported surgical guide. By using the standard protocols for the Zimmer system, implant placement and bone preparation were performed in the patient's mouth. The placement and torquing of a Zimmer implant were ensured at 40 N cm ( Figure 2 ). In contrast, there was no essential requirement made by the dentist toward soft tissue suturing.
Provisional restoration
After the implant placement, the transfer jig was secured on the adjacent teeth and the implant mount was carefully connected to the jig by adding autopolymerizing acrylic resin. The implant mount was retrieved from the patient mouth with the attached jig, screwed to an implant lab analog and then transferred to the cast. Two implant temporary abutments from Zimmer (Zimmer Dental, Carlsbad, Calif) were placed on the cast and prepared using the clear vacuum-formed shell template ( Figure 3 ). The implant supported fixed provisional restoration was constructed to develop the preferred emergence profile using acrylic resin. The provisional fixed dental prostheses were appropriately finished and polished.
The temporary abutments were screwed to the implants in the patient's mouth, and Teflon tape was used to block both temporary abutments' access holes. Afterward, the minimum amount of non-eugenol temporary cement was used to cement the provisional restoration and excess cement was safely removed. Occlusion was adjusted to ensure minimal contacts during eccentric and centric occlusion (Figure 4) .
Post-operative instruction was given to the patient and recall visits were done after 7 days, 4 weeks, 8 weeks, 12 weeks, and 16 weeks. On each follow-up appointment, the healing was assessed with no signs of inflammation or infection. Also, the development of the soft tissue emergence profile around the implant was monitored and the provisional restoration was adjusted if required. Esthetics and phonetics were evaluated and the patient displayed a complete satisfaction with the outcome ( Figure 5 ). 
Final restoration
A definitive open tray impression was done by using Impergum Penta-Soft after 4 months of healing ( Figure 6 ). The customization of impression copings was based on the transference of the emergency profile of the soft tissue. 20 The soft tissue emergence profile was transferred to the mastercast using light body polyvinyl siloxane material ( Figure 7 ). Full contour wax up was made for crowns #11 and 21 on the master cast. The clear vacuum-formed shell template was used to adjust the old gold custom abutment of implant #21. Afterward, mounted master casts, gold abutment #21, and the clear template were sent to Astra Tech (Mölndal, Sweden) to design and fabricate a customized milled CAD/CAM Atlantis abutment. Abutment design of implant #11 was requested to match the design of gold abutment #21 except in material. The abutment designed for implant #11 was fabricated from zirconia for comparison purposes. An approval from the prosthodontists was taken via email for the abutment design (Figure 8) . A one-piece customized abutment which consisted entirely of zirconia was milled and shipped to the clinic.
Upon arrival, both abutments were checked on the cast for exact duplication. Full contour acrylic resin crowns were constructed on both abutments to confirm the equal thickness of both crowns on all sections. Thickness evaluation was made using a polygauge and all the readings were equal on both crowns in all sections ( Figure 9) .
Next, crowns with porcelain fused to zirconia were constructed for implant abutments #11 and #21. Again, the buccal thicknesses of the final crowns were measured and compared using a polygauge. All readings were comparable for both crowns (Table 1) . Afterward, abutments were screwed to both implants and final crowns were checked in the patient's mouth to evaluate esthetics and phonetics. Shade evaluation of both crowns was carried out by the treating prosthodontist on their buccal surfaces (incisor, middle, and cervical thirds) using VITA Easyshade Advance System (VITA Zahnfabrik, H. Rauter GmbH & Co. KG, Bad Säckingen, Germany). All readings were comparable in relation to CIE L*a*b* color space, Classical Vita Shade Guide and 3D Master Shade Guide. The shades of both crowns were comparable and rated clinically satisfactory by the treating prosthodontist and patient. Finally, customized abutments were torqued to 30 N cm, access hale were blocked with Teflon tape, and the final crowns were cemented with non-eugenol temporary cement (Temp Bond NE, Kerr; Orange, CA, USA) ( Figure 10 ).
Two experts in fixed prosthodontics who had not taken part in the patients' treatment performed the clinical evaluation. Both observers had good eyesight that will assist in comparing the esthetic appearance of both implants supported all-ceramic crowns with gold and zirconia abutment side by side. Variations were detected using artificial diffuse light and the Vita 3D Master shade guide by standing 50 cm from the mouth of the patient where the head of the patient was positioned upright. There was no difference observed in the color aspect by prosthodontics.
Patient recall
The recall visits were done after 2 weeks, 1 month, 3 months, and 1 year from delivery of final restorations. Both implants and their restorations were assessed. The Figure 9 Abutments' thickness evaluation using apolygauge.
patient was satisfied with the esthetics and functional outcome of the final restorations, as was the prosthodontist (Figure 11) . A written informed consent has been provided by the patient to have the case details and accompanying images published. The institution allowspublicationof the patient's treatment and images for scientific purposes.
Discussion
Ideal restoration of the teeth can be developed by restoring the natural contours of extracted teeth. The successful result of restoration has shown the significance of early initiation of soft tissue contouring when extraction, implant placement, and immediate provisionalization were performed simultaneously ( Figure 11 ). [21] [22] [23] The impressions for the definitive restoration were made using customized impression copings after complete osteointegration of the implant and maturation of soft tissue contours. The copings had the ability to capture the molded contours of soft tissues that surround the implant. 20, 24, 25 Other techniques that have been reported to accurately transfer the mature peri-implant soft tissue profile include the use of the provisional restoration as impression coping, the injection of impression material around the provisional restoration seated on the master cast and fabricating an emergence profile cast. 26 Mechanical and biological advantages for using zirconia abutment were demonstrated in the clinical studies regarding the fabrication of implant support restoration. Appropriate conditions were prompted through zirconia abutment for soft tissue healing. In contrast, there were insignificant differences reported between plaque indexes and bleeding on probing, bacterial adhesion and pocket depth between gold and zirconia implant abutments. Moreover, superior physical and mechanical properties characterize zirconium oxide compared to other available ceramics. In addition, radiographic visualization is assisted through zirconia abutment due to its higher radiopacity. However, the zirconia customization is more timeconsuming and demanding. The use of manufacturing technology or computer-aided design in zirconia abutment fabrication is essential. Thereby, there is an increase in the overall cost but it is acceptable when compared to the increasingly higher price of gold. Moreover, an additional clinical attempt before the fabrication of the final crown is required. A bright appearance of the final restoration can result from the white color inherent in zirconia. The surfaces can be colored with a subsequent veneering ceramic material to equalize the natural dentition in such cases. Proper design of the definitive restoration is ensured through positive lasting prognosis because customized abutment is used for the fabrication.
27,28

Conclusion
The presented case report compared the esthetic outcome of all-ceramic implant-supported restorations replacing both maxillary central incisors side by side. One central incisor was restored by an all-ceramic crown cemented to a customized gold alloy abutment and the other all-ceramic crown was cemented to a customized zirconia abutment. Both abutments had similar dimensions and design. The esthetic outcome of both crowns resulted in satisfactory results to the patient and experts.
